Intensive research efforts have been directed toward understanding the events that trigger T cell autoreactivity to ␤ cell antigens and that lead to insulin-dependent diabetes mellitus (IDDM). Kaufman et al. and Tisch et al. (1, 2) showed in the NOD mouse that T cell autoreactivity arose first against GAD and then spread to other ␤ cell antigens. The early inactivation of GAD-reactive T cells, but not other autoantigen-reactive T cells [by means of the intravenous administration of antigen (1)], prevented the cascade of autoimmune responses and insulitis, suggesting that T cell reactivity to GAD was key to propagating ␤ cell autoimmunity.
Subsequent studies attempted to further evaluate the role of GAD autoimmunity in disease initiation by expressing GAD ubiquitously in transgenic NOD mice, but were thwarted by the inability to achieve T cell tolerance to GAD. Yoon et al. (3) used an alternative approach, inhibiting GAD expression in the ␤ cells of NOD mice through an antisense strategy. They found that the ␤ cellspecific suppression of GAD expression prevented the activation of diabetogenic T cells and prevented disease. Furthermore, they observed that ␤ cells with reduced GAD expression were not destroyed when transplanted into diabetic NOD mice, nor were splenocytes from diabetic NOD mice able to adoptively transfer disease to NOD mice with suppressed GAD expression.
These findings are surprising given that diabetic NOD mice have T cell responses to many ␤ cell antigens other than GAD, which should have been capable of mediating ␤ cell destruction. Indeed, many different ␤ cell antigen-reactive T cell lines and clones have been shown to be capable of mediating IDDM (4) .
While the observations of Yoon et al. strongly support the notion that the development of GAD autoimmunity is important for driving immune responses toward ␤ cell destruction, it is also possible that suppressing GAD expression had metabolic or immunological consequences which contributed to ␤ cell survival-notably, GAD synthesizes GABA, an important energy source for the cell by means of the GABA shunt into the Krebs cycle (5) . Consequently, GAD suppression may have led to ␤ cell rest or altered ␤ cell metabolism and islet autocrine/paracrine function. Furthermore, the reduced secretion of GABA may have altered islet physiology (alpha cells respond to GABA), or altered effector/regulatory T cell function because T cells have GABA receptors which can modulate their activity (6) . The transgenic mice should also be subjected to further scrutiny because the antisense GAD transgenes were back-crossed from diabetes-resistant strains into NOD mice.
Accordingly, caution should be exercised before concluding that GAD is the initiating autoantigen in NOD mice. Nevertheless, the plethora of studies that have implicated GAD autoimmunity in the etiology of murine and human IDDM clearly indicate that this is an important molecule in the disease process and for immunotherapy. raised a number of similar issues regarding the interpretation of our studies in antisense GAD transgenic NOD mice. We agree that some of our findings could have alternative explanations. Moreover, we agree that caution must still be exercised about the relative importance of GAD in diabetes.
Clarification of our method should address Atkinson et al.'s concern about the detection of GAD in islets by immunocytochemistry and Western blotting, as compared to insulin. For immunocytochemistry, because we anticipated that there would be small amounts of GAD in ␤ cells, we applied a highly sensitive method to amplify the signal for the detection of GAD. Initially we had difficulty detecting GAD, but we eventually developed a modification of the avidin-biotin peroxidase complex method with a Vec-tastain Elite ABC kit, which became a sensitive method for the detection of minute amounts of GAD antigen in cells. A different protocol was used for insulin staining of serial sections because an amplification procedure was not required. The GAD and insulin antibody reaction was optimized for each antigen and differed with respect to incubation times for the reaction with specific primary antibodies and for color development. In short, the GAD staining shown in figure 1 [of (1) ] cannot be compared directly with the insulin staining. Our method for detection of GAD protein by Western blot analysis was also adapted to detect minute quantities of GAD in islets. We applied a highly sensitive biotinstreptavidin-peroxidase method with a chemoluminescence system to amplify the signal to detect GAD protein. Band intensity was amplified by adjustment of the exposure time to x-ray film.
We were also aware of the possible cotransfer of diabetes resistance alleles originating from the donor strain along with the transgene. We therefore established six lines of antisense GAD transgenic NOD mice, two of which showed protection from diabetes and from diabetogenic effector cells. These two lines showed no detectable GAD in ␤ cells, whereas those lines with some degree of expression of GAD in ␤ cells developed diabetes, even though the antisense transgene was incorporated into the genomic DNA. These findings suggest that our observations are a consequence of ␤ cell GAD suppression rather than transfer of diabetes resistance alleles to NOD mice. Further support comes from studies using cyclophosphamide (CY) (2) . When diabetes-protected antisense GAD transgenic (H-AS-GAD) NOD mice were treated with CY, two out of five became diabetic, presumably by activation of T cells reactive to other (non-GAD) ␤ cell antigens that are present but not sufficient to cause disease. However, we cannot absolutely exclude the possibility of the transfer of a diabetes resistance gene.
Atkinson et al. questioned why T cells from antisense GAD transgenic mice did not transfer diabetes to NOD-scid recipients. We cannot answer this question with certainty. We suggest that if islet-reactive T cells are present in the nondiabetic antisense GAD transgenic NOD mice, then the number of these cells are insufficient to cause disease. Our published data support this view, as splenic T cells from antisense GAD transgenic mice did not proliferate against GAD and show reduced responses to other antigens. These findings are consistent with data suggesting that GAD is not expressed in the pancreatic ␣, ␦, and pancreatic polypeptide cells of mice and rats (3) and is expressed in pancreatic ␤ cells and in the brain, it being an immunologically privileged site. Thus, we assumed that in the absence of GAD expression in the ␤ cells in H-AS-GAD-NOD mice, ␤ cell-specific GAD-reactive T cells either do not develop or remain naïve.
With regard to the protection of GADsuppressed islets from destruction by effector T cells present in acutely diabetic NOD mice, we, too, are surprised at this observation and agree that a conclusion that GAD is the sole antigen initiating the disease process should be made with caution. There are several possible explanations that we did not adequately address in our report. First, other T cells directed at non-GAD islet cell antigens may not have been sufficient (in the absence of GAD-reactive T cells) to induce recurrence of diabetes, although they did destroy a portion of the ␤ cell mass. Approximately 20% of the GAD-suppressed islets showed insulitis. Although there are a variety of T cells recognizing other (non-GAD) autoantigens and diabetes can be produced by many of these different ␤ cell-reactive T cell lines and clones, the T cells in spontaneously diabetic NOD mice are different from amplified T cells grown in vitro, thus precluding direct comparison. Second, the suppression of GAD in ␤ cells may have rendered them more resistant to destruction by T cells and/or macrophages. Normal ␤ cells expressing GAD show expression of tissue transglutaminase (tTG), which is known to promote apoptosis of cells. Our preliminary studies indicate that our GAD-suppressed ␤ cells also show suppresson of tTG. Thus, the inhibition of tTG in GAD-suppressed ␤ cells may have rendered the ␤ cells resistant to death by means of apoptotic mechanisms. A third possibility is that a diabetes resistance gene from the strain of origin may have been transmitted to NOD mice along with the transgene, making islets from the antisense GAD transgenic mice more resistant to effector cells from NOD mice. We think this is less likely. Finally, it is possible that the suppression of GAD in ␤ cells induce some alteration in intra-islet physiology and that this has an effect on the capability of the ␤ cell to trigger autoimmunity. We agree with Tian and Kaufman that GABA deficiency in the islet might have reduced ␤ cell metabolism causing "␤ cell rest" or that the lack of GABA in the islet might have influenced effector/regulatory T cell interactions locally within the islet. Both the physiologic role of GABA in the islet and the effect of intra-islet GABA on islet autoimmunity remain unknown.
